Abstract: Nowadays, big data, whose characteristics are in terms of four V's, i.e., volume, variety, velocity and veracity, has become a hot spot in many fields. Spectrum Data also present the characteristics of big data with the increasing of mobile phone subscribers and radio frequency identification. One of significant properties in Variety is that big data, which come from various sources, are heterogeneous. In order to solve this problem, the first step is to structure heterogeneous data. The ontology provides an effective method to realize the structuring. In this article, we start with the introduction of four characteristics of big spectrum data, and then expound the motivation of our work.
Introduction
We are now live in the era of big data. Volume, variety, velocity and veracity are four typical features of big data, which is proposed from IBM Institute for Business Value [1] . Spectrum data, which are derived from radio environment awareness and present two more features(6v), is gradually becoming a new kind of big data [2] . With variety in mind, the first step is to structure heterogeneous data. Ontology, as an explicit specification of a conceptualization defined by Gruber [3] , owns the capability of dealing with the heterogeneous data through concepts and the relationships between concepts.
On the side of spectrum, it requires multidimensional administration (time, space, frequency dimension and so on) so as to follow the step of the era of big data. Furthermore, up to now there is no one effective standard of building domain ontology due to the contradiction between data providers and data administrators. Data providers expect more freedom of data structure because of most of them are non-specialists in the data structure, if we provide them a constrained user interface which provide choice box instead text box to help structuring data, it is not convenient for data providers. In the actual design, designers often need to balance the demands between data providers and data administrators. Fortunately, in big spectrum data, data providers are mostly composed of sensors and receiving devices whose demands of freedom can be almost ignored. Hence, our second motivation is exploring a effective method of building a domain ontology in relatively simple conditions, which we can spend more attention to data administrators.
SOME DETAILS ABOUT ONTOLOGY
In this section, we will discuss one ontology model named the onion model illustrated in the Figure 1 , which is proposed by Jean et al. [4] and will be used in our article in the following part, for the reason that this model, which is a domain ontology model(our work is building a domain ontology model), is suitable for database because of database ontology, which is one part of our ontology model building in the coming section. It is composed of three layers: linguistic ontologies, conceptual canonical ontologies and non conceptual canonical ontologies.
Linguistic ontologies(LOs) are those ontology whose attributes(or concepts) and relationships are used to describing the meaning of the words in a particular language. Word net is a typical example. Our model does not involve this kind of ontology.
Conceptual canonical ontologies(CCOs) contain the basic concepts of a domain without any redundancy and the relationships associating to these concepts. CCOs will be exploited to building an important part of our ontology model. Non conceptual canonical ontologies(NCCOs) represent not only basic concepts, but also definite concepts extending or being combined with basic concepts, which can be described by using expression languages such as OWL and PLIB. More details about OWL and PLIB will be illustrated in the part of the implement of our model. Traditional methods, which are used to structuring heterogeneous data, such as designing class in Java and conceptual model in database, exist some problems when facing big data. In Java, the number of entities, which are instantiated from class, is relatively small compared to that in big data(the property of volume).In database, we can only store attributes, which are equivalent to concepts in ontology. However, the relationships between attributes are described very simple so that it can't adapt to the complexity of relationships in big data. Ontology model, which uses concepts and relationships between them, is capable of describing the complexity in big data. The ontology model of big data is composed of three parts illustrated in the Figure 2 : input ontology, database ontology and output ontology. Firstly, we discuss these three ontologies in the following chapters.
THE ONTOLOGY MODEL OF BIG DATA
Input Ontology: Input ontology contains the information derived from receiving devices directly or transformed through few steps from received data. Considering the requirement of velocity in big data, when designing the concepts (or attributes) and the relationships neither between these concepts nor between the concepts of other ontology model, attributes belonging to input ontology should be closely associated with the data received from receiving devices so that computation can be reduced so as to adapt to high speed processing environment in big data.
Database Ontology: Considering the attribute values, which are the concepts after semantic identification, i.e., quantizing the concepts, are stored in database, there is no redundancy in the concepts of database ontology. When designing the database ontology, firstly we should analyze the redundancy existing in the concepts of input ontology so as to determining how many and what kinds of no conceptual canonical ontology concepts in database ontology.
Output Ontology: The concepts of output ontology, which are extended through those of database ontology, i.e., CCOs, refer to those who are closely related to the demands of users. Similarly, there exists redundancy between the concepts of output ontology considering the requirement of velocity, which is similar to those of input ontology.
The attributes of output ontology can be calculated through those of database ontology. Similarly, the attributes of database ontology are able to be derived from those of input ontology. According to transitivity, the attributes of output ontology can be obtained from those of input ontology. This property is illustrated by the full line in Fig.2 . On the contrary, the reverse process is not necessarily true, which is illustrated by the dotted line in Fig.2 Two Possible Schemes Being Applied to the Ontology Model of Spectrum Big Data. As we all know, volume and velocity is a pair of contradictory characteristics. Considering this point, we propose two different ontology models implemented in spectrum big data so as to meet different demands (volume or velocity). 
IMPLEMENT OF ONTOLOGY MODEL FOR BIG SPECTRUM DATA
There are two types of ontology language being suitable for our ontology model, which are PLIB(Parts Library) and OWL(Web Ontology Language) [5] . The PLIB language, using the EXPRESS modeling language, offers the possibility to define the derived data and/or object properties across functions, which is corresponding to functional relationship in this article. OWL uses different constructors to build non-canonical concepts such as restrictions ( e.g, the Man class can be defined as all persons owning the 'male' value for the gender property) or Boolean operators (e.g., the Human class can be defined as the union of Man and Woman), which is corresponding to structural relationship. We can easily transform an ontology model being used to OWL language into Java [6] . Obviously, PLIB is also easily transformed into Java for the reason that as a kind of computer language, it is easy for Java to express the functional relationship. Thus, if we use PLIB and OWL building the ontology model of big spectrum data, this model can easily be used into practice.
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The functional relationship is decided by the specific expressions of the specific research results. And the structural relationship is designed through the analysis of the relationship between the variables in the specific. In the following part, we will implement two research results with the application of the ontology model mentioned above.
Cooperative Spectrum Sensing and Localization in Cognitive Radio Systems.
This research is aimed to determining the position of the interference source according to specific data.
Considering the goal in this research, the requirement of velocity is very strong. Thus, we use velocity model to structure the data in this research.
In this article, the input data are the center frequency fc, the energy of the specific frequency in each sensor En and the location of each sensor Ls. The output data is the location Li and power Pi of each interference source.
The most simple method to structure these input data by input ontology is locating all the data in the same layer, i.e., the relationship between these data is the most simple one in structural relationship, which is illustrated in Fig.5 Figure 5. the ontology model of cooperative spectrum and its improvement.
However, there are other relationship between fc, En and Ls express the location of each sensor. which is able to only express one sensor. Similarly, Li is able to only express one interference source. So, the ontology model can be transformed into a new form, which is shown in Fig.5 .
In the ontology model we improved, two new classes(sensor and interference source) are defined to structure the data. The class of sensor is composed of three attributes, Ls (location of one sensor), fc(center frequency) and En(energy of frequency), whose uniqueness is determined by Ls, which is similar to the definition of primary key in database. Similarly, the class of interference source is made up of Li(location of interference source) and Pi(the power of interference source),whose primary key is Li.
The example described above show the process of building a domain ontology model. The design of data structure is determined by the specific demands. Because of the simplicity of the input data in this example, the advantage of ontology is not very obvious. With the increasing types of be processed, there will be a greater advantage with the use of ontology.Geology spectrum database-assisted dynamic spectrum sharing.Finally in [2] , a example of geology spectrum database is mentioned. The structure diagram is shown in Fig. 6 .
... Figure 6 . Key components of geology spectrum database.
In this research, considering the demand of dealing with massive data, we use volume model to structure the data of this research. The data in the left of Fig.6 belong to input ontology. According to the diagram, different types of data(user geology, user transmission power and so on) can be structured their own class, which is similar to the example in Fig.6 .The propagation modeling in Fig.6 compose the database ontology, which is abstracted to some basic concepts between which there is no redundancy in the design process. And the spectrum service, which is represented by output data between which redundancy is allowed, make up the output ontology. More details of ontology model design are determined by the demands of this system.
CONCLUSIONS AND DISCUSSION
This article proposed that under the background of big data, using the tool of ontology is effective to solve the variety of big data. Serving the big spectrum data as an example, we structure an ontology model to deal with the variety of the big spectrum data. Then we use the ontology model proposed to structure the data in two researches with the purpose of showing the advantage of ontology in big spectrum data. With the development of big spectrum data, more and more complex cases will be proposed. The ontology model is relatively not very complete due to the lack of examples. More work is necessary to perfect the ontology model dealing with the big data.
